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SPECIFICATION 
Ni-BASED SINGLE CRYSTAL SUPER ALLOY 
TECHNICAL FEII) 

The present invmtion relates to a Ni~based single crystal super alloy, and more parti culariy, 
to a technology employed for improving the creep characteristics ofNi-based single crystal super 
alloy. 



\ BACKGROUND ART 
An example of the typical composition ofNi-based single crystal super alloy developed for 
use as a material for moving and stationary blades subject to high temperatures such as those in 
aircraft and gas turbines is shown in Table 1 , 
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In the above-mentioned Ni-based angle crystal super alloys, after performing solution 
treatment at a prescribed temperature, aging treatment is performed to obtain an Ni-based single 
crystal super alloy. This alloy is referred to as a so-called precipitation hardened alloy, and has a 
from in which the precipitation phase in the form of a / phase is precipitated in a matrix in the form 
ofay phase. 

Among the alloys listed in Table 1 , CMSX-2 (Cannon-Muskegon, US Patent No. 
4,582,548) is a first-generation alloy, CMSX-4 (Cannon-Muskegon, US Patent No. 4,643,782) is a 
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serood-genaation alloy, Rene r N6 (General Electric, US Patent Na 5,455,120) and CMSX-10K 
(Canon-Muslcegon, US Patient No. 5366,695) arc ttmd^naation alloys, aid 3B (General Electric, 
US Patent No. 5,151,249) is a fourth-generation alloy. 

Although the above-mentioned CMSX-2, which is a first-generation alloy, and CMSX-4, 
which is a second-gelation alloy, have comparable creep strength at low temperatures, since a 
large amount of the qifrytic y phree rgrjaing followin g hi g h-te m p erature solution treatment, their 
creep strength is inferior to third-generation alloys. 

In addition, although the third-generation alloys of ReneN6 and CMSX-10 are alloys 
desigr^ to have improved cie^ 

second-generation alloys, since fee composite ratio ofRe (5 vyt% or more) exceeds the amount of 
Re that di ssolves into the matrix (y phase), the excess Re compounds with other elements and as a 
result, a so-called TCP (topologically close pactoecty phase predphates at Mgfc 
the problem of decreased creep strength. 

In addition, making the lattice constant of the precipitation phase (y phase) slightly smaller 
than the lattice constant of t^ 

Ni-based single aystal super alloys. However, since the lattice constant of each phase fluctuates 
greatly fluctuated according to the composite ratios of the composite elements of fee alloy, it is 
difficult to make ftae adjustments in the 1 attice constam and as a result, there is the problem of 
considerable difficulty in improving creep strength. 

In consideration of fee above circumstances, fee obj ect of the present invention is to provide 
a Ni-based singl e crystal super alloy that makes it possible to improve strength by preventing 
precipitation of fee TCP phase at ttgji temperatures. 

DISCLOSURE OF INVENTION 
The following constitution is employed in the present invention in order to achieve the above 
object 

The Ni-based single crystal super alloy of the present i^ a 
COT^position comprising 5.0-7.0 wt°/o of Al, 4.0-10.0 wt% of Ta, 1 .1-4.5 wt% of Mo, 40-1 0.0 wt% 
of W, 3. 1-8.0 wt% of Re, OO.50 wt?/o of 2.0-5.0 wt% of Cr, 0-9.9 wt% of Co and 4. 1-14.0 wt% 
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of Ru in tarns of its weight ratio, with the remainder consisting ofNi and unavoidable impurities. 

In addition, theNt-based single crystal super alloy of the present invention is characterized 
by having a composition comprising 5.0-7.0 wt% of Al, 4.0-6.0 wt% ofTa, 1. 1-43 wt% ofMo, 
4.0-10.0 wt% of W, 3.1-8.0 wt% of Rfi, OO.50 wl% ofH£ 2.0-5.0 wt% of Cr, 0-9.9 wt% of Co, 
and 4. 1 - 1 4.0 wt% of Ruin terms of weigh! ratio, with the remainder consisting ofNi and 
unavoidable impurities. 

In addition the Ni-based single crystal super alloy of tte present invention is characterized 
by having a composition comprising 5,0-7.0 wt% of Al, 4.0-6.0 wt% ofTa, 23-45 wt% of Mo, 
4.0-10.0 wt% of W, 3.1-8.0 wt% of Re, 0050 wt% of H£ 20-5.0 wt% of Or, 0-9.9 wt?/o of Co and 
4. 1 -14.0 wt% ofRu in terms of weight ratio, with the remainder consisting ofNi and unavoidable 
impurities. 

Acceding to the above Ni-based single crystal super alloy, precipitation of the TCP phase, 
which causes a decn^m 

addition ofRn, In addition, by setting fce composite ratios of other composite elements within 
their optimum ranges, the lattice constant of ttemalrix (y phase) and the lattice constant of the 
precipitation phase (y phase) can be made to have optimum values. Consequently, strength at 
high temperatures can be enhanced. Furthermore, since ^con^osMmofRji is 4.1-14.0 wt%, 
precipitation of the TCP phase, which causes a decrease in creep strength, during use at high 
temperatures, is inhibited 

In addition, the Ni-based single crystal super alloy of the present invention is preferably 
having a con?)Oation comprising 55 wt% of Al, 5.9 wt% ofTa, 3.9 wt% of Mo, 5.9 wt% ofW, 
45 wt% ofRe, 0,10 wt% ofHf, 2.9 wt% of Of, 5,9 wt% of Co and 5.0 wt% ofRu in terms of 
weight ratio, with the remainder consisting ofNi and unavoidable impurities, in the Ni-based single 
crystal super alloys previously described. 

According to an Ni-based single crystal siq>er alloy hawngthb 
endurance temperature at 137 MPa and 1000 hours can be made to be 1344 K (107FQ. 

In additi on, the Ni-based single aystal super alloy o f the present invention is preferably 
having a composition comprising 5.8 wt% of Co, 2.9 wt% of Cr, 3.1 wt% of Mo, 5.8 wt% of W, 
5.8 wt% of Al 5.6 wt% ofTa, 5.0 wt°/o ofRu, 4.9 wt% of Re and 0.10 wt% ofHfin terms of 
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weight ratio, with the remaiixfcr conasting ofNi and unavoidable impurities, in the Ni-based single 
aystal super alloys previously described 

According to an Ni-based single crystal super alloy having this composition, the creep 
endurance temperataeall^ 

In addition, the Ni-based single aystal super alloy of the present invention is preferably 
having acxm?»^QnoQii^irismg 5.8 wt% of Co, 2.9 wt% of Cr, 33 wt% of Mo, 5.8 wt% of W, 
5.8 wt%ofAl, 5.8 wp/o (5.82 w^)^^ 

wt% of Hf in terms of weight ratio, with the remainder consisting ofNi and unavoidable impurities, 
in the Ni-based single crystal super alloys previously described 

According to an Ni-based single aystal super alloy having this compositicm, the creep 
einiurance temperate 1379 
K(1106°C). 

Furthermore, OiO wt% offi in tenns ofweight ratio can be included in the Ni-based angle 
crystal super alloys previously described 

Futthecmoie, 04 .0 wt% ofNb in teams of weigh! ratio can be included in the Ni-based 
single crystal super alloys previously described 

Furthermore, at least one of elements selected from B, C, Si, Y,La,Ce, VandZrcanbe 
included in the Ni-based single crystal super alloys previously described 

In this case, it is preferable that 0.05 wt% or less of B, 0.15 wt% or less of C, 0.1 wt% or less 
of Si, 0.1 wt% orless of Y, 0.1 wt% or less of La, 0.1 wt% or less of Ce, 1 wt% or less of V aid 0.1 
wt% or less of Zr in terns of weight ratio arc included in the alloys* 

Furthermore, the above described Ni-based single crystal super alloy is more preferably 
having a composition comprising 5.0-7.0 wt% of Al, 4.0-10.0 wt% ofTa, L145 wt% of Mo, 
4.0-10.0 wt% of W, 3.1-8.0 wt% of Re, 0-0.50 wt% ofH£ 2.0-5.0 wt% of G, 0-95 wt% of Co, 
1 0.0-14.0 wt% of Ru, 4.0 wt% or less ofNb, Z0 wt% or less of Ti, 0.05 wt% or less of B, 0. 1 5 
wt%orlessofQ0.1 wt% or less of Si, 0.1 wt%Qrles$ofY,0.1 wt% or less of La, 0.1 wt% orless 
ofCe, 1 wt% or less ofV and 0.1 wt%orlessofZr. 

Furthermore, the above described Ni-based single crystal super alloy is more preferably 
having a composition comprising 5.8-7.0 wt% of Al, 4.0-5 .6 wt% of Ta, 33-4.5 wt% of Mo, 
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4.0- 10.0 wt% of W, 3.1-8.0 wt% of Re, 04)50 ^vt% ofHf, 2.9-43 wt% of Cr, 0-9.9 wt% of Co, 

4.1- 14.0 wt% ofRn, 4.0 wt% or less ofNb, 2.0 wt% or less of Ti, 0.05 wt% or less of B, 0. 1 5 wt% 
or less of C, 0.1 wt% or less of Si, 0.1 wt% or less ofY, 0.1 wt% or less ofLa, 0.1 wt% or less of 
Ce, 1 wt% or less ofV and 0. 1 wt% or less of Zr. 

Furtheamore, the above described Ni-based angle crystal super afloy is more preferably 
having a ararxrition compismg 5 .0-7.0 wl% of Al, 4.0-1 0.0 wt% ofTa, 1 . 1 A 5 wt% ofMo, 
4.0-10.0 wt% of W, 3.1-8.0 wt?/o ofRe, OO.50 wi% of H£ 24-5.0 wt% of Cr, 0-9.9 wt% of Co, 
6.5-14.0 wt% ofRu, 4.0 wt% or less ofNb, 2.0 wt% or less of H, 0.05 wt% or less of B, 0.15 wt% 
or less of C, 0. 1 wt% or less of Si, 0 . 1 wt% or less of Y, 0- 1 wi% or less ofLa, 0. 1 or less of 
Ce, 1 wt% or less ofV and 0. 1 wt% or less of Zr. 

Furthermore, the above described NHttsed single oystal super alloy is more preferahry 
having a composition comprising 5.0-7.0 wt% of Al, 4.0^.0 wt% ofTa, 33-4.5 wt% ofMo, 

4.0- 10.0 wt% of W, 3.1-8.0 wt?/o of Re, <H).50 v1°/o of H£ 2.0-5.0 wt% of Cr, 0-9.9 wt% of Co, 

4.1- 14.0 wt% of Ru, 4.0 wt% or less ofNb, 2.0 wt% or less ofTi, 0.05 wt% or less ofB, 0.15 wt% 
orlessofQCl wt% or less of Si, 0.1 wt%orlessofY,0.1 vvt% or less ofLa, 0.1 wt%orlessof 
Ce, 1 wt% or less ofV and 0.1 wt%orlessofZr. 

Furthermore, the above described Ni-based single crystal super alloy is more preferably 
having a composition comprising 5.0-7.0 wt% of Al, 4.0-5.6 wt% ofTa, 33-4.5 wt% of Mo, 
4.(M 0.0 wt% of W, 3. 1-8.0 wt?/o of Re, OO.50 ^1% of H£ 2.O5.0 wt% of Cr, 0-9.9 wt% of Co, 
4.M4.0 wt% of Ru, 4.0 wt%orless ofNb, 20 wt% or less of Ti, 0.05 wt% or less of B, 0.15 wt% 
or less of C, 0. 1 wt% or less of Si, 0. 1 wt% or less of Y, 0.1 wt% or less ofLa, 0. 1 wt% cr less of 
Ce, 1 or less of V and 0. 1 wt%orlessofZr. 

Furthermore, the above descn^M4»sed single crystal super alloy is more preferably 
having a composition comprising 5.0-7.0 wt% of Al, 4.0-10.0 wt% ofTa, 3. 1-4.5 wt% of Mo, 

4.0- 10.0 wt% of W, 3.1-8.0 wt% of Re, M50 wt% ofHf; 20-5.0 wt% of Cr, 0-9.9 wt% of Co, 

4.1- 14.0 wt% ofRii, 4.0 wt% or less ofNb, 0.05 wt% or less of B, 0.15 wt% or less of C, 0.1 wt% 
or less of Si, 0. 1 wt% or less of Y, 0. 1 wt% or less of La, 0. 1 wt°/o or less of Ce, 1 wt% or less ofV 
and 0.1 wt% or less of Zr. 

Furthermore, the above described Ni-based single crystal super alloy is more preferably 
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having a composition comprising 5.8-7.0 wt% of At 4.0-10.0 wt% ofTa, 3.1-45 wt% of Mo, 

4.0- 10.0 %vt% of W, 3.1-8.0 wt% of Re, 0-0 JO wt% of H£ 20-5.0 wt% of Q, 0-9.9 wt% of Co, 

4.1- 14.0 wi% ofRu, 4.0 wi% or less ofNb, Z0 wt% or less of H, 0.05 wt% or less of B, 0.1 5 wt% 
or less of Q 0.1 or less of Si, 0.1 wt% cff 

Ce, 1 wt% or less ofV and 0. 1 wt% or less of Zr. 

Furthermore, the above described Ni-based single crystal super alloy is more preferably 
having a composition comprising 5.0-7.0 wPA of Al, 4,0-10.0 v/t% ofTa, 3.M.5 wt% ofMo, 

4.0- 10.0 wt% bfW, 3. 1-8.0 wt% of Re, 0-0.50 wt% ofHt 2943 wt% of Or, 0-9.9 wt% of Co, 

4.1- 14.0 wt% ofRu, 4.0 wt% or less ofNb, 20 wt% or less afTi, 0.05 wt% or less ofB, 0.1 5 wt% 
or less of C, 0.1 wt% or less of Si, 0.1 wt% or less of Y, 0.1 wt% or less of La, 0. 1 wtW or less of 
Ce, 1 wt% or less of V and 0. 1 wt% or less of Zr. 

In addition, the above described Ni-based single crystal super alloy is more preferably 
having a composition comprising 5.0-7.0 wt% of Al, 4.0-10.0 wt% ofTa+Nb+Ti, 33-4 J wt% of 
Mo, 4.0-1 0.0 wt% of W, 3.1-8.0 of Re, 0-0 50 wt% of H£ 20-5.0 wt% of Cr, 0-9.9 wCo of 
Co, 4. 1-14.0 wt% ofRu, 0.05 wt% or less of B, 0.15 wt% or less of C, 0. 1 wt% or less of Si, 0. 1 
wt% or less of Y, 0. 1 wt% or less of La, 0.1 wt% or less ofCe, 1 wt% or less of V and 0.1 wt% or 
less of Zr. 

Moreover, the Ni -based single crystal super alloy of fee present invention is characterized by 
a2<0.999al when the lattice constant of the matrix is taken to be al and the lattice constant of the 
precipitation phase is taken to be a2 in the Ni-based single crystal super alloys previously described 

According to this Ni-based single crystal super alloy, the relationship between al and a2 is 
such that a2^0,999al wtoi the lattice constant of the matrix is taken to be al and fte lattice 
constant of the precipitation phase is taken to be a2, and since the lattice constant a2 of the 
precipitation phase is -0. 1% or less of flie lattice constant al of the matrix, the precipitation phase 
that precipitates in the matrix precipitates so as to extend continuously in the direction 
perpendicular to the direction of the load. As a result, strength at high temperatures can be 
enhanced without dislocation defects moving within the alloy structure under stress. 

In this case, it is more preferable that the lattice constant of the crystals of the precipitation 
phase a2 is 0.9965 or less of the lattice constant of the crystals of the matrix al 
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Furthermore, the Ni-based angle aystal super afloy of the presenting 
by comprising tbe feature that the dislocation space oftheaUoy is 40 mn or less. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a diagram showing a rdaticmshipbet^^ 
creep rupture life of tbe alloy. 

HG. 2 is a diagram showing a relation 
rupture life of the alloy. 

FIG. 3 is a transmission election microgram of theNi-based single crystal super alloy 
showing an embodiment of the didocation networks and dislocation space offheM-based single 
crystal super alloy of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The following provides a detailed explanation for carrying out tbe present invention. 

The Ni-based single crystal super aH<yofthe present inventicn ism 
Ta> Mo, W, Re, Co, Ru, M (remain^ 

The above Ni-based single crystal super alloy is an alloy having a composition comprising 
S.0-7,0 wt% of AL 4.W0.0 wt% of Ta, 1 .14.5 wt% ofMo, 4,0-10.0 wi% of W, 3.1-8.0 wt% of 
Re, 0-0.50 wt% ofH£ 2.0-5.0 wf% of Cr; 0-9.9 wt% of Co and 4.1-14.0 vA% ofRn, with the 
remainder consisting ofNi and unavoidable impurities. 

In additi on, the above Ni-based single aystal super alloy is an alloy having a composition 
comprising 5.0-7.0 wt% of Al, 4.0-60 wt% ofTa, 1.1-4.5 wt% of Mo, 4.0-10.0 wt% of W 9 3.1-8.0 
wt% of Re, 0-0.50 wt% ofHC 20-5.0 wt% of Cr, 0-95 wt% of Co and 4.1 -14.0 wt% ofRn, with 
the remainder consisting ofNi and unavoidable impurities. 

Moreover, the above Ni-based single crystal super alloy is an alloy having a composition 
comprising 5.0-7.0 wt% of Al, 4.0-6.0 wt% ofTa, 2*4.5 wt% of Mo, 4.0-10.0 wt% of W, 3.1-8.0 
wt% of Rfi> 0-0.50 wt% ofH£ 20-5.0 wt% of a, 0-9.9 wt% of Co and 4.1-14.0 wt% ofRn, with 
the remainder consisting ofNi ami unavddable impurities. 

MoftheabowaUoys have an austenite phase m the fo^ 
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intemiBdiate regular phase in tte fonn of a V 

precipitated in the matrix. Tbey phase is mainly composed of an intennetaOic compound 
represented by Ni^Al, and the strength of teNH»sedsm^ea>^sq)CTanoyalhi^i 
temperatures is improved by this y phase. 

Qr is an dement that has superior oxidation resistance and improves the high-temperature 
conosion resistance of the Ni-based single crystal super alloy. The composite ratio of Cris 
preferably within the range of2.0 wt% or more to 5.0 wt% or less, and more preferably 29 wt%. 
This i^o is more peferaWy vvitoi&e 

preferably within the range of2.9 wt% or more to 4 J wt% or less, and most preferably 2 3 wt%. 
If the composite ratio of Cr is less than 2.0 wt%, the desired higMemperatnre corrosion resistance 
cannot be secured, thereby making this undesirable. If the composite ratio ofCr exceeds 5.0 wt%, 
in addition to precipitation of the y phase being inhibited, harmful phases such as a a phase or p. 
phase form that cause a decrease in strength at hig^ 

In addMan to in^ving strength # 
form of the y phase in the presence of W and Ta, Mo also improves strength at high temperatures 
due to precipitation hardening* Furthermore, Mo also improves the aftermenlioned lattice misfit 
and dislocation networks of the alloy which relate characteristics of tins alloy. 

The composite ratio o f Mo is preferably within the range of 1. 1 wt% or more to 4 3 wt% or 
less, more preferably within the ranges of 2.9 wt% or more to 4.5 wt% or less. This ratio is more 
preferably within the range of 3.1 wt%ormoreto4Jwt%orless > morepreferah^ 
range of 33wt% or more to 45 wt% or less, and most preferably 3.1 wt% or 35 wt%. If the 
composite ratio ofMo is less than 1.1 wt%, strength at high temperatures 
the desired level, then*y making this undesirable. If the composite ratio of Mo exceeds 45 wt%, 
strength at high temperatures decreases, arri corrosion resistance at high temp^ 
decreases, thereby making this undesirable. 

W improves strength at high temperatures due to the actions of solution hardening and 
pretipitatianhardening in the presence of Mo and Ta as previously mentioned Hie composite 
ratio of W is preferably within the range of 4.0 wt% or more to 10.0 wt% or less, and most 
preferably 5.9 wt% or 5.8 wt%. Ifthe composite ratio ofW is less than 4.0 w% 
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temperatures canixrt be If the 

composite ratio of W exceeds^ 
making this undesirable. 

Ta improves strength at high temperatures due to the actions of solution hardening and 
precipitation hardening in the presence of Mo and W as previously mentioned, and also improves 
strength at high temperatures as a result of a portion of the Ta undergoing 
relative to they phase. The composite rafaoofTa is p 
mote to 10.0 wt% or less, more preferably within the range of 4.0 wt% or im 
Ibis ratio is more preferably within the range of 4.0 wt% or more to 5 .6 wt% or less, and most 
|HeferaUy5.6wt%or5.82wt%. If the composite ratio ofTa is less than 4.0 wt%, strength at 
high temperatures cannot be maintained at the desired level, thereby making this undesirable. If 
the composite ratio of Ta exceeds 10.0 wt%> the a phase and u, phase form that cause a decrease in 
strength at high terxperatures, thereby making this undesirable. 

Al improves strength at high temperatures by c»mrx>unding with Ni to form an intermetallic 
compound represent^ 

and precipitates in the matrix, at a ratio of 60-70% in ternis of vohime percent The composite 
ratio of Al is preferably within the range of 5.0 wt% or more to 7.0 wt% or less. This ratio is more 
preferably within the range of 5 . 8 vvt% or more to 7.0 wt% or less, and most preferably 5 .9 wt% or 
5.8 wr°A Ifthe composite 
becomes insufficient, and streiigth at high temperatures 

therdymakmgthisur^esirable. Ifthe composite ratio ofAl exceeds 7.0 wt%> a large amount of 
a coarse y phase referred to as the eutectic y phase is formed, and this eutectic y phase prevents 
solution treatment and makes it impossible to maintain strength at high temperatures at a high level 
thereby making this undesirable. 

Hfis an element that segregates at the grain toundaryandin^rovesstraigthathi^ 
temperatures by strengthening the grain boundary as a result of being segregated at the grain 
boundarybetweentiieyphaseardypha^ The compoate ratio of Hfk 
range of 0.01 wt% or more to 0.50 wt% or less, and most preferably 0.10 wt%. Ifthe composite 
ratio of Hfis less than 0.01 wt%, the ptedpitRted amount of the Vp 
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strength at high temperatures caimot be maintained at to 

undesirable. However, the composite ratio of Hf may be within the range of 0 wt% or more to 
less than 0.01 wt%, if necessary. Furthermore, if the composite ratio ofHf exceeds 0.50 wt%, 
local mddng is faiduced vdriA results m 

making tht$ ^infkyroihlg 

Co improves strength at high ten^ 
temperatures rdatiw to the matra 

phase by heat treatment The composite ratio ofCo is preferably within the range of 0.1 vti%<x 
more to 9.9 wi34ch- less, and riKD^ If the composite ratio of Co is less than 

0.1 wt%, the precipitated amourt^ 

temperatures cannot be maintained, thereby making this undesirable. However, die composite 
ratio ofta may be within tiie range of 0v^^ wt%, if necessary. 

Furthomore, if the composite ratio of Co exceeds 9.9 wt%, the balance with othtt^ 
Al, Ta, Mb, W, Iff and (> is disturbed res^ 

decrease in strength at high temperatures, thereby maldng this undesirable. 

Re improves drength at high te mperat ures due to solution strengthening a n^tt of 
dissolving in the matrix in the form ofthey phase* On the other hand, if a large amount ofRe is 
added, the harmful TCP phase prec^^ 
strength at high temperatures. Thus, the corr9>ositeiatfo^ 

3 . 1 wt% or more to 8.0 wt% or less, and most preferably 4.9 wt% If the composite ratio of Re is 
less than 3 .1 wt%, solution strengthening ofthey phase becomes ^ 
teaijxaalures cannot be maintHmed at the desired level, thereby maldng this undesirable. If the 
composite ratio of Re exceeds 8.0 vv^ 

strength at high temperatures cannot be maintained at a high level, thereby making this undesirable. 

Rn improves strength at high temperatures by inhibiting precipitation ofthe TCP phase. 
The composite ratio of Ru is preferably within the range of 4. 1 wt%ormoreto 14.0 wt% or less. 
Tliis ratio is more prefen^yw 14,0 wt% or less, or 

preferably within the range of 6.5 wt% or more to 1 4.0 wt% or less, and most preferahly 5 .0 wt%> 
6.0wt°/oor7.0wt%. ffthe composite ratio ofRu is less to 
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ai high temperatures and strength at hi gh temperatures cannot be maintained at a high level, thereby 
making this undesirable. Ifttecon^poshe ratio ofRu is less than 4.1 wt%, strength at high 
temperatures decreases compared to the case when the conqx^site ratio ofRu is4.1 wt% ormore. 
Furthennore, if tbe composite ratio ofRii exceed 14.0 wt%,thee phase precqritates and strength at 
high temperatures deceases which is also undesirable. 

Particularly in the present invention, adjusting the 
Q; Co andNi to the optimum ratios, together with improvi^ 

setting the aftermentioned lattice misfit and dislocation networks of the alloy which are calculated 
fiom the lattice constant of the yphase and the lattice constant of the yp 
ranges, and precipitation of the TCP phase can be inhibited by adding Ril Furthermore, by 
adj usting the composite ratios of Al, Cr, Ta and Mo to the aforementioned ratios, the production 
cost for the alloy can be decreased. In addition, relative strength of the alloy can be increased and 
the lattice misfit and dislocation networks of the alloy can be adjusted to the optimum value. 

In addition, in usage environments at a high temperature fiom 1273 K (1000°Q to 1373K 
(1100°Q, when the lattice 

phase is taken to be al,and the lattice constant of the cry slab 

in the fonn of the i phase is taken to be a2, than the relationship between al and a2 is preferably 
such that a2 ^ 0.999al . Namely, lattice constant a2 of the crystals of the precipitation phase is 
preferably -0.1% or less lattice constant al ofthe crystals of the matrix. Furthermore, it is more 
preferable that the lattice constant of tbe crystals of the precipitation phase a2 is 0.9965 or less of the 
lattice constant of the crystals of the matrix al. In tins case, the above-described relationship 
between al and a2 becomes a2 £ 0.9965al. In the following descriptions, the percentage of the 
lattice constant a2 relative to the lattice constant al is called "lattice misfit". 

In addition, in the case both of the lattice constants are m the above 
precipitation phase precipitates so as to extend continuously in the direction peipendicular to the 
direction of the load when the precipitation phase precipitates in the matrix due to heat treatment, 
creep strenglh can be enhanced whho 
the presence of stress. 

In order to make the relationship between lattice constant al and lattice constant a2 such that 
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a2<0.999al,thecoirqx>s^ 
super alloy is suitably adjusted 

FIG. 1 sho\vsarelationsh^ 
demonstrates creep rupture (creep rupture life) . 

In FIG. 1, whea the lattice nrisft is 
approximately hig^thm the req^^ 

the figure). Therefore, in the present invention, the preferable value of the 1^ 
detenninedto-035orlower. In order to maintain the lattice misfit to -035 or lower, the 
cxmpc^cm of Mo is maintained 
elements is suitably adjusted 

According to the above Ni-based super crystal super alloy, precipitation of the TCP phase, 
which causes decreased creep strength, during U9e at hi|^ temperatures is inhibit^ 
Ru. In addition, by setting the composite ratios of other composite elements to their optimum 
ranges, the lattice constant of the matrix (y phase) and the lattice constant of the precipitation phase 
(V phase) can be made to have optimum values. As a resuh, creep strength at Mghten^ 
can be improved 

Ti can be further induded into ThecompositB 
ratio ofTa is preferably within the range of 0 wt% or more to 2.0 wf/o or less, If the composite 
ratio ofTi exceeds 2.0 wt%, the harmful 
cannot be maintained, thaeby making this undesirable. 

Furthcmiore, Nb can be further iraMed in the a^ 
The composite ratio ofNb is prefer^ If 
the composite ratio ofNb exceeds 4,0 wt%,the hannfolpha9ep^plates and the str^ 
temperatures cannot be maintained, thereby making this undesirable. 

Alternatively, strength at high temperatures can be improved by adjusting the total 
composite ratio of Ta, Nb and Ti (TaWb+Ti) within the range of 4. 0 wt% or more to 1 0.0 wt% or 
less. 

Furthermore, inadcfitionto the unavoidable impurities, B, C, Si, Y, La, Ce, V and Zr and the 
like can be included in the above Ni-based super crystal super alloy, for example. When the alloy 
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inchnfes at least ere crf^ 

each element is preferably 0.05 wt% or less ofB, 0,15 wt% or less of C, 0.1 wt% or less of Si, 0.1 
wt% or less ofY, 0.1 wt% or less of La, 0.1 w(% or les ofC^ 1 Earless ofV and 0.1 v^g or 
less of Zr. tftbeconqwsite ratio of each element exceeds the above rang^ the hannM phase 
precipitates and the strength at high temperatures cannot be mainland 
undesirable; 

Furthemiore, in^ above M^ase^ 
dislocation space ofthe alloy is 40 nm or less. The reticulated dislocation (displacement, of atoms 
which axe connected as a line) in the alloy is called dislocation netwo^ 
adjacent reticulations is called "dislocation space". FIG. 2 shows a relationship between the 
dislocation space of the alloy and fee time until the alloy demonstrates creep rupture (creep rupture 
life). 

In HG 2, when the dislocation space is approx^ 
is approximately higher than the xoiuiied value (the valre&own by 

of the figure). Therefore, in the presort invention, the preferable value of the dislocation space is 
determined to 40 ran or lower. Tn order to maintain the dislocation space tn 40 nm or lower, the 
composition of Mo is maintained to a high level, and the composition of the other composite 
dements is suitably adjusted 

FIG. 3 is a transmission electron microgram of the Ni-based single crystal super alloy 
showing an embodiment (aftemaentioned embodiment 3) of the dislocation networks and 
dislocation space of die Ni-based single crystal super alloy of the present invention- As shown in 
FIG. 3, in case of the Ni-based single crystal super alloy ofthe present invention, the dislocation 
space is 40 nm or tower. 

In addition, some ofthe conventional Ni-based single crystal super alloys may cause reverse 
partitioning, however, in Ni-based angle crystal super alloy ofthe present invention does not cause 
reverse partitioning. 
Embodiments 

The effect ofthe present invention is shown using following embodiments. 

Melts of various Ni-based single crystal si^er alloys were prepared using a vacuum melting 



Best Available Copy 



14 



furnace, and alloy ingots were cast using the aQoymdts. The composite ratio of each of the alloy 
ingots (reference examples 1 -6, embodiments 1-14) is shown in Table 2 



Table 2 



Sample 
(alky name) 


Elements (wt%) 


Al 


Ta 


Nb 


Mo 


W 


Re 


Hf 


a 


Co 


Ru 


Ni 


Reference 
Example 1 


6.0 


5.8 




32 


6.0 


5.0 


0.1 


3.0 


6.0 


20 


Rem 


Reference 
Example 2 


5.9 


5.7 




32 


5.9 


5.0 


0.1 


3.0 


5.9 


3.0 


Rem 


Reference 


6,0 


6.0 




4.0 


6.0 


5.0 


0.1 


3.0 


6.0 


3.0 


Rem 


Reference 
Example4 


5.9 


5S 




4,0 


5,9 


5.0 


0.1 


3.0 


55 


4.0 


Rem 


Reference 
Examples 


5.9 


5.7 




3.1 


5.9 


4.9 


0.1 


2.9 


5.9 


4.0 


Rem 


Reference j 
Example 6 




57 






77 


48 


0 1 




S7 


30 


Rem 


T7mli riTnirnt 1 


< o 

jj 


< Q 






SO 


4 0 


0 1 






m/AJ 


Rem 


T?mV»/*4i mpnt 0 

cmpouinKni^ * 




J.O 






J.O 


4 0 


0 1 

V.I 


90 


5 ft 


50 


Rail 


ClllUUUilllvIlv v 


5 ft 


^ ft 






-/.o 


49 


0 1 


2.9 




6.0 


Rem 


TimVwffmfnt 4 
IjAJua^ III IfCTli *t 




J A) 




7ft 






0 1 


2_9 


56 


50 


Rem 


riiUMiuiretii -> 


3.0 






9 ft 


S (s 

JX) 




0 1 






50 


Rem 




5.6 


5.6 


1.0 


2.8 


56 


4.7 


0.1 


25 


5.6 


5.0 


Rem 


Embodiment? 


5.8 


5.6 




3.9 


5.8 


4.9 


0.1 


25 


5.8 


6.0 


Rem 


Embodiment 8 


5.7 


5.5 


1.0 


3.8 


5.7 


4.8 


0.1 


2.8 


55 


5.9 


Rem 


Embodiment 9 


5,8 


5.6 




3.1 


6.0 


5.0 


0.1 


25 


5.8 


4.6 


Rem 


Embodiment 10 


5,8 


5,6 




3.1 


6.0 


5.0 


0.1 


29 


5.8 


52 


Rem 


Embodiment 11 


5.8 


5.6 




3.3 


6.0 


5.0 


0.1 


2.9 


5.8 


52 


Rem 


Embodiment 12 


5.8 


5.6 




33 


6.0 


5.0 


0.1 


25 


5.8 


6.0 


Rem 


Embodiment 13 


5.9 


2.9 


15 


3.9 


5.9 


4.9 


0.1 


29 


55 


6.1 


Rem 


Embodiment 14 


5.7 


5.52 




3.1 


5.7 


4.8 


0.1 


25 


5.7 


7.0 


Rem 
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Next, solution treatment and aging treatment were performed on the alloy ingots followed by 
observation of the date of the alloy structure with a scanning dectrmmiac^ 
Solution treatment consisted ofholding for 1 hour at 1 573K (1 3 00°C) followed by healing to 
1613K(1340°Qandholdingfor5houis. In adtfition, aging treatment amsistedofconsecutivefy 
performing primary aging treatment consisting ofholding for 4 h^ 
-1 150°C) and secondary aging treatment consisting ofholding for 20 hours at 1 143K (870°C). 

As a result, a TCP phase was unable to be 

Next, a creep tESt was performed on each sample that underwent solution treatment and 
aging treatment Tbecreep test consisted of measuring the time untfleadi sample (reference 
exanqiles 1-6 and embodiments 1-14) demonstrated abrupture as tte 
the temperature and stress conditions shown in Table 3 . Furthermore, foe value of the lattice 
misfit ofeabhsample was also measured, and the result thereofis disclosed in Table 3. hi 
addition, the value of foe lattice misfit of each of foe oonventioaialaUoysdKwn in Table 1 
(comparative examples 1 -5) was also measured, and the result thereof is <fisdosed in Table 4. 



Best Available Copy 



16 



Table 3 



Sample 
(aDoyname) 


Creep test coKiffionshjpture Hfe (h) 


Lattice Misfit 


1273K(1000°C) 
245 MPa 


1373K(U00°Q 
137MP& 


Refefaioe Examde 1 


20935 


105.67 


-A 10 


TCeferenoe Examole 2 


28320 


158.75 


A Af\ 


Reference Exanrote 3 


21937 


135.85 




Reference Examnle 4 


27438 


153.15 


A <0 


Reference Faminnle ^ 


328.00 


487.75 


A co 


Hd'flTfT'nfiP MTVRTTlTKtf? n 




203.15 


A yll 


Hjiiih mi hi rait 1 


5.09.95 


31650 


A £A 


P/nKvKmftnt ^ 


420.60 


75355 


A /fO 


Einlwfimfint *? 

1 4IIUUUIIIWII — ' 




106250 


A <0 






966.00 


A /M 


PmlwKtYiMir S 
cmuwuuwui 




1256.00 




TTttitwIttDflnf 




400.00 




T7tnhrvifmp*nt 7 




1254.00 


A £A 


jpwiuiAiwaicni ° 




682.00 


A £0 

*0.o3 


Embodiment 9 




550.00 


a 47 


Embodiment 10 




658.50 


-0.45 


Embodiment 11 




622.00 


-0.48 


Embodiment 12 




68350 


-0.51 


Embodiment 13 


4127 


76635 


-0.62 


Embodiment 14 




1524.00 


-0.45 



Table 4 



| Sample (alloy name) 


Lattice Misfit 


Comparative Example 1 (CMSX-2) 


-056 


Comparative Example 2 (CMSX-4) 


-0.14 \ 


Comparative Example 3 (ReneN6) 


■022 


Comparative Example 4 (CMSX-10K) 


-0.14 


Comparative Example 5 (3B) 


-0.25 



As is dear from Table 3, the samples of fee reference examples 1-6 and anbodiments 1-14 
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were detemrined to hare high strengfo 

In particular, reference example 5 having a composition of 4.0 wt% ofRu, embodiments 1 , 2> 4, 9, 
lOand 11 having a composition app 12 and 13 having a 

composition of 6.0 wt% ofRu, and embodiment 14 having a composition o£7.0 wr% of Rn, were 
determined to have high strength at high temperature. 

Furthermore, as is<clear from Tables 3 and 4, (be lattice misfit of comparative examples 
were -035 aalmore, whereas those of reference examples 1-6 and embodiments 1-14 were -0.35 
or less* 

In addition, the creep rupture characteristics (withstand temperature) were compared for the 
alloys ofthe prior art shown in Table 1 (Comparative Examples 1 through 5) and the sample 
shown in Table 2 (reference examples 1-6 and embodiments 1-14), The result thereofis 
disclosed in Table 5. Creep nipture characteristic 

the temperature until the sample ruptured undercook 1000 
hours, or converting the rupture temperature ofthe sample inidex 




IS 



Table 5 



Sample (alloy name) 


Withstand ten^erature(°C) 


Reference Example 1 


1315Ka042°C) 


Reference Example 2 


1325K(1052°Q 


Reference Example 3 


1321K(1048"C) 


| Reference Example 4 


1324K(1051°C) 


Reference Example 5 


1354K(1081°C) 


Reference Example 6 


1332K(1059°C) 


Embodiment 1 


1344K(1071°C) 


Embodiment 2 


1366K(1093°Q 


Embodiment3 


1375K(1102C) 


Embodiment 4 


1372K(1099°C) 


Enibodiment5 


1379Kai06°C) 


Embodiment 6 


1379K(1106°C) 


Embodiment? 


1379K (1106X3 


Embodiment 8 


1363K(1090°C) 


Embodiment 9 


1358K(1085°C) 


Embodiment 10 


1362K(1089 <, C) 


Embodiment 1 1 


1361K(1088^ | 


Embodiment 12 


1363K(1090°C) 


Embodiment 13 


1366K(1093 a O | 


Embodiment 14 


1384K(llll°C) 


Comparative Example 1 (CMSX-2) 


1289K(1016°C) 


Comparative Example 2 (CMSX-4) 


1306K(1033°C) 


Comparative Example 3 (ReneW6) 


1320K(104TC) 


Q)nparafiveExample4 (CMSX-10K) 


1345K(1072°C) 


Comparative Example 5 (3B) 


1353K(108O°C) 



(Converted to 137 MPa, 1 (MX) hours) 



As is clear fiom Table 5, the samples of reference examples 1-6 and embodiments 1-14 
weredetenniiKaitohaveahi^ 

the alloys of the prior art (comparative Examples 1-5). In particular, samples of reference 
examples 1-6 and embodiments 1-14 were determined to have a high withstand temperature 
(embodiment 1: 1344K (1071°C), embodiment2: 1366K(1093°Q, embodiment 3: 1375K 
(llQ2^embodinieot4: 1372K(1099°Q, embodiment 5: 1379K(1106 o Q, embodiment 6: 
1379K(1106°C),enibocfimeait7: 1379K(1106^enibcxliment8: 1363K(1090°C), embodiinent 
9: 1358K(1085°C), embodiment 10: 1362K (1089*0, embodiment 11: 1361K(1088°C), 
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embodiment 12: 1363K(1090°Q, embodiment 13: 1366K(1093°C)andanbocfiment 14: 1384K 
(llll^Q). 

Thus, this alloy has a higher heat resistance temperature than hfi^ 
alloys of the prior ait, and was determined to have high strength even at high temperatures. 

Furthermore, in the Ni-based angle crystal super alloy, if the composite ratio ofRu 
excessively increases, the e phase precipitates and strength at high temperatures deceases. 
Therefore, the composite ratio of Ruis preferably be determined to a range so as to keep the 
balance against the composition of the other composite elements is suitably adjusted (4 . 1 wt% or 
more to 14.0 wt% or less, foe example). 




